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Abstract: Repeat interviews from 4,088 Iowa pesticide appli-
cators participating in the Agricultural Health Study provided
the opportunity to evaluate the reliability of self-reported in-
formation on pesticide use and various demographic and life-
style factors. Self-completed questionnaires were administered
1 year apart when participants returned to county agricultural
extension offices for pesticide certification or training. Per-
centage agreement for ever-/never-use of specific pesticides
and application practices was quite high, generally ranging

from 70% to more than 90%, and did not vary by age, educa-
tional level, or farm size. Agreement was lower (typically
50–60%) for duration, frequency, or decade of first use of
specific pesticides. Level of agreement regarding pesticide use
in this population is similar to that generally found for factors
typically used in epidemiologic studies such as tobacco use and
higher than typically reported for diet, physical activity, and
medical conditions. (EPIDEMIOLOGY 2002;13:94–99)
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The Agricultural Health Study is a long-term pro-
spective cohort study designed to evaluate cancer
and other diseases among farmers and their fam-

ilies in relation to agricultural exposures and life-style
factors.1 Farmers in Iowa and North Carolina, as well as
commercial applicators in Iowa, were asked to participate
in the study when they sought pesticide licenses or training
at county agricultural extension offices. Self-completed
questionnaires were used to obtain information on agricul-
tural exposures and other factors necessary to evaluate
disease risks.

Although questionnaires have long been used by the
Economic Research Service of the U.S. Department of
Agriculture (USDA) to obtain information on agricul-

tural practices from farmers,2,3 and farmers can provide
considerable detail about their pesticide practices,4,5 few
studies have evaluated the reliability of information ob-
tained on agricultural practices in epidemiologic inves-
tigations.6 We took advantage of a special situation in Iowa
to assess the reporting consistency for agricultural and life-
style factors on a sample of the cohort that completed two
questionnaires approximately 1 year apart.

Subjects and Methods
Participants in the Agricultural Health Study en-

rolled by completing a self-administered questionnaire
when they came to the county agricultural extension
offices to seek pesticide certification and training. At the
beginning of the study, applicators in Iowa were required
to take an examination in which a passing mark gained
them certification for 3 years. Enrollment and comple-
tion of the questionnaires occurred from 1994 through
1996. After initiation of the study, the Iowa legislature
changed procedures regarding pesticide certification for
private applicators by allowing annual training as an
alternative to the examination. This change meant that
some individuals who chose pesticide training and com-
pleted the enrollment questionnaire one year would
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return for training the following year, which provided us
the opportunity to compare information from question-
naires completed 1 year apart. Individuals returning for
training who had already enrolled in the Agricultural
Health Study were given a questionnaire containing a
subset of the questions originally asked on selected pes-
ticide practices and life-style factors.

The abbreviated questionnaire was administered at
the county agricultural extension office in the same
fashion as the original enrollment version.1 It was com-
pleted by 2,895 applicators (2,842 men and 53 women).
In addition, a second group of 1,193 applicators who
completed the enrollment questionnaire and returned
for training the following year inadvertently completed
the full enrollment questionnaire a second time. An
analysis of the separate and combined data revealed that
these two groups were similar with respect to age, gen-
der, marital status, education, and other factors (data not
shown). We combined these two groups for analysis,
which resulted in 4,088 respondents (4,008 men and 80
women). Most of these were private applicators (3,829),
but 259 were commercial applicators. We compared
responses on the first and second questionnaires by cal-
culating percentage exact agreement, percentage agree-
ment within one category (for quantitative or ordinal
categories), and kappa statistic.7 We calculated weighted

kappas for multiple-response questions
such as years or days per year of pesti-
cide application.

Results
The reliability subgroup was very

similar to the full cohort for various
factors including age, gender, marital
status, and farm size (data not shown).

Comparability of reported use of
pesticides and method of application is
shown in Table 1. Although agree-
ment on ever mixed or applied any
pesticide was high (95%), kappa was
considerably lower (0.15) because the
proportion of subjects who had never
used pesticides was very small. The
reliability of reported use for specific
chemicals was high and quite consis-
tent (from 79% for carbaryl to 88% for
permethrin) with no apparent differ-
ences by pest class, chemical class, or
prevalence of use. Kappas ranged from
0.48 to 0.71. For the method of pesti-
cide application, agreement of re-
sponses from the two questionnaires
ranged from 72% to 99%. The range of
values for kappa was from 0.11 to 0.56.

We evaluated the number of paired responses fall-
ing above and below the diagonal of exact agreement,
ie, individuals providing different responses on the
two questionnaires. For ever mixed or applied specific
pesticides, the numbers were typically equally distrib-
uted above and below the diagonal of agreement, with
the possible exception of malathion, carbaryl, and
dichlorodiphenyltrichloroethane, for which consider-
ably more positive responses were found in the origi-
nal than in the second questionnaire (either follow-up
abbreviated questionnaire or duplicated enrollment
questionnaire).

The numbers of pairs falling above and below the
diagonal were also similar for method of pesticide appli-
cation. Sign tests of distributions were not statistically
significant for ever-use of pesticides or method of appli-
cation. Thus, there was no obvious tendency to get “yes”
or “no” responses from one or the other of the
questionnaires.

For years and days per year of mixing or applying any
pesticides, exact agreement percentages were 55% and
45%, respectively, and weighted kappas were 0.56 and
0.45, respectively (Table 2). For each factor, 89% and
90% of the subjects were within one category of
agreement.

TABLE 1. Comparison of Dichotomous Responses on Pesticide Use between
First and Second Questionnaires

Factor
% Exact

Agreement
Kappa

Statistic 95% CI
No. of

Subjects

Ever mixed or
applied pesticides

95 0.15 0.08–0.22 3,634

Ever mixed or applied
Atrazine 86 0.62 0.58–0.64 3,802
Glyphosate 82 0.54 0.52–0.58 3,763
Trifluarlin 87 0.71 0.68–0.73 3,760
2,4-D 87 0.48 0.44–0.52 3,786
Terbufos 83 0.66 0.63–0.68 3,712
Fonofos 84 0.63 0.60–0.66 3,674
Chlorpyrifos 81 0.61 0.59–0.64 3,728
Permethrin 88 0.59 0.55–0.62 3,665
Malathion 81 0.54 0.52–0.57 3,805
Carbaryl 79 0.57 0.55–0.60 3,643
DDT 87 0.63 0.60–0.66 3,599

Method of application
Do not apply 90 0.19 0.14–0.24 4,112
Airblast 99 0.26 0.11–0.40 4,112
Boom 76 0.37 0.34–0.40 4,112
Hand spray gun 72 0.39 0.36–0.42 4,112
Backpack 85 0.48 0.44–0.51 4,112
Mist blower 94 0.46 0.40–0.52 4,112
Aerial 98 0.19 0.09–0.30 4,112
In furrow 76 0.51 0.48–0.54 4,112
Seed treatment 78 0.42 0.38–0.45 4,112
Pour fumigant 97 0.11 0.04–0.18 4,112
Gas canister 98 0.20 0.10–0.30 4,112
Powder 88 0.31 0.26–0.35 4,112
Inject animals 78 0.50 0.48–0.53 4,112
Dip animals 85 0.37 0.33–0.41 4,112
Spray animals 75 0.50 0.47–0.53 4,112
Ear tags 84 0.56 0.53–0.59 4,112
Dust/pour on animals 77 0.45 0.42–0.48 4,112

DDT � dichlorodiphenyltrichloroethane; 2,4-D � 2,4 dichlorophenoxyacetic acid.
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Exact agreement for estimated percentage of the time
subjects mixed or applied pesticides was 72% and 79%,
respectively, with kappas of 0.39 and 0.47 (Table 2).
Agreement within one category of exact agreement was
98% and 99%. In addition, exact agreement for years,
days per year, and decade of use of specific pesticides was
generally in the 50–70% range, which was lower than
for dichotomous outcomes such as ever-/never-use (Ta-
ble 1). Ninety per cent of the subjects gave responses
within one category of agreement on the two question-
naires. Kappas were between 0.37 and 0.63.

Responses regarding frequency of
reported symptoms after using pesti-
cides were similar in the two question-
naires, as shown in Table 3. Exact
agreement ranged from 76% to 92%
with kappas from 0.31 to 0.45. Agree-
ment within one response category
was nearly 100%.

We evaluated level agreement by
age, education, and farm size. For ever-
handled any pesticide, the level of ex-
act agreement was 94% or higher, with

kappas ranging from 0.10 to 0.18. Ex-
act agreement for ever-handled spe-
cific pesticides was between 80% and
90%, with kappas ranging from 0.42
to 0.73 (Table 4). Level of agree-
ment for methods of application did
not differ by age, amount of educa-
tion, or farm size (data not shown).

We also compared responses for to-
bacco use and reported disease histo-
ries. Agreement was very high (over
90%) for smoking cigarettes and quite
high for number of cigarettes per day
(76%). Kappas were also high (0.71 for
number of cigarettes per day and 0.87
for ever-smoked cigarettes). Percent-
age agreement for diseases the subject
reported for themselves and their rel-
atives was more than 90%. Kappas
were more variable with values of 0.71
for asthma, 0.65 for pneumonia, 0.34
for kidney disease, and 0.10 for Parkin-
son’s disease. The kappa for Parkin-
son’s disease was low, despite high ex-
act agreement, because there were a
relatively small number of persons re-
porting this disease. Kappas for cancers
among relatives were 0.64 for lung,
0.70 for breast, and 0.41 for the lym-
phatic and hematopoietic system.

Percentage agreement and kappas
calculated for agricultural and life-style factors for com-
mercial applicators separately were essentially identical
to those of private applicators (data not shown).

About one-third of the study group completed the full
enrollment questionnaire twice (N � 1,193). We used
these data to compare reliability of responses to ques-
tions not included in the abbreviated follow-up ques-
tionnaire, including alcohol drinks per day (71% exact
agreement; kappa � 0.63), vegetable servings per day
(35% exact agreement; kappa � 0.43), and fruit servings
per day (40% exact agreement; kappa � 0.49).

TABLE 2. Comparison of Multiresponse Questions on Pesticide Use between
First and Second Questionnaires

Factor
% Exact

Agreement
Kappa

Statistic* 95% CI
No. of

Subjects

Years mixed or applied pesticides† 55 0.56 0.54–0.58 3,550
Days per year pesticides mixed or applied‡ 45 0.45 0.42–0.47 3,494
% time mixed§ 72 0.39 0.36–0.42 3,479
% time applied� 79 0.47 0.44–0.50 3,471
Years mixed or applied†

Atrazine 50 0.52 0.49–0.54 2,651
Glyphosate 53 0.70 0.66–0.75 2,379
Trifluralin 53 0.52 0.50–0.55 2,286
2,4-D 50 0.54 0.52–0.56 2,919
Terbufos 55 0.47 0.44–0.50 1,334
Fonofos 58 0.48 0.43–0.53 798
Chlorpyrifos 55 0.45 0.41–0.48 1,255
Permethrin 77 0.37 0.30–0.44 407

Days per year mixed or applied‡
Atrazine 52 0.74 0.71–0.78 2,613
Glyphosate 52 0.71 0.67–0.75 2,342
Trifluralin 57 0.80 0.76–0.83 2,257
2,4-D 50 0.48 0.45–0.50 2,860
Terbufos 59 0.82 0.78–0.86 1,310
Fonofos 55 0.78 0.72–0.85 780
Chlorpyrifos 57 0.50 0.47–0.54 1,226
Permethrin 50 0.37 0.29–0.44 403

Decade first applied
Atrazine 64 0.59 0.57–0.62 2,448
Glyphosate 62 0.37 0.34–0.40 2,098
Trifluralin 63 0.54 0.51–0.56 2,104
2,4-D 62 0.63 0.61–0.65 2,548
Terbufos 60 0.40 0.36–0.45 1,205
Fonofos 60 0.44 0.39–0.50 729
Chlorpyrifos 60 0.37 0.25–0.35 1,128
Permethrin 61 0.34 0.20–0.37 375

* Kappa values weighted across multiple response categories.
† Years of use categories are: 1 or less, 2–5, 6–10, 11–20, 21–30, and more than 30.
‡ Days per year of use categories are: less than 5, 5–9, 10–19, 20–39, 40–59, 60–150, and more than 150.
§ Refers to the percentage of all pesticides mixed on the farm that are mixed by this operator.
� Refers to the percentage of all pesticides applied on the farm that are applied by this operator. 2,4-D �
2,4 dichlorophenoxyacetic acid.

TABLE 3. Comparison of Responses on Frequency of Reported Symptoms
from Pesticide Use

Symptom Reported*
% Exact

Agreement
Kappa

Statistic 95% CI
No. of

Subjects

Excessive tiredness 82 0.38 0.34–0.42 3,678
Headaches/dizziness 76 0.45 0.42–0.48 3,748
Nausea/vomiting 92 0.31 0.25–0.36 3,619
Skin irritation 79 0.40 0.37–0.44 3,683
Eye irritation 82 0.35 0.31–0.39 3,628
Chest discomfort 91 0.38 0.32–0.42 3,633
Nervousness or depression 87 0.41 0.37–0.45 3,628

* Response categories for symptoms from pesticide use were: never or rarely, sometimes, and frequently/
almost always.
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Discussion
The USDA has used questionnaires to assemble in-

formation on pesticide use by farmers for many years.2,3

Use of interviews to obtain information on pesticide use
and exposure in epidemiologic research is a more recent
phenomenon.4 There are differences between the ap-
proach used by the USDA and the approach required for
epidemiologic research. The USDA typically obtains
information on the past year. The long latency associ-
ated with most chronic disease, however, requires that
epidemiologic studies obtain data on pesticide use from
several years in the past, underscoring the need to eval-
uate the reliability and validity of information on pesti-
cides obtained by interview.8

In the present analyses, the time frame for questions
on pesticide use and other factors covered the subject’s
entire farming history of use up to the interview, so for
many this required quite lengthy recall. Several general
patterns were observed. First, agreement for self-reported
smoking, selected diseases, and other factors in this
population was consistent with other reports in the
literature, ie, in the 90% range.9–11,14,19–21 Second, the
reported agreement for ever-/never-use of specific pesti-
cides is also quite high, ie, mostly in the 70–90% range;
these compare favorably with the reliability reported in
other studies for factors such as smoking and alcohol use
and are better than those reported for diet, physical
activity, and health conditions. Third, the level of agree-
ment on pesticide reporting decreased as the amount of
detail sought increased, such as the number of years a
person applied specific pesticides instead of ever-/never-
use. This is similar to other factors such as tobacco use,
in which agreement for the number of cigarettes smoked
per day is lower than reporting of ever having smoked.
Fourth, for pesticide factors, as well as for life-style

factors and disease, the disagreements between the en-
rollment and follow-up interviews were symmetrical, ie,
there was no general tendency for a higher prevalence of
positive reporting in one or the other questionnaire
administration. For example, in situations in which sub-
jects reported at one interview that they used a partic-
ular pesticide but not at the other, the number of posi-
tive reports was about equivalent for the enrollment and
follow-up interviews. This suggests that the additional
year of farming experience before the completion of the
follow-up questionnaire had little impact on the amount
of disagreement. If dramatic changes occurred in the
farming operation from one year to the next, we might
have expected a disproportionate number of positive or
negative responses to specific responses on the follow-up
questionnaire. Still, some of the disagreements could be
due to changes in pesticide application activities by
study participants between the first and second question-
naires. Fifth, for questions with quantitative or ordinal
responses, percentage agreement within one response
category was quite high, typically 80% or higher. This is
especially important for epidemiologic studies because
responses are often grouped into a few categories. Sixth,
percentage agreement did not differ by age, level of
education, or farm size, which suggests a relatively con-
sistent reliability of reporting among the various sub-
groups of the cohort. Finally, it is interesting that the
values for number of cigarettes per day, years of pesticide
use, and days per year of pesticide use from the abbre-
viated questionnaire were virtually identical to those on
the original enrollment questionnaire, which indicates
that these reliability results are applicable to the entire
cohort.

The kappas for interview-reinterview for pesticides
generally ranged from 0.20 to 0.50. Although perfect

TABLE 4. Comparison of Dichotomous Responses on Pesticide Use between First and Second Questionnaires by Age,
Education, and Farm Size

Factor

Age, Years Education Acres

�50 �50 �High School �High School �500 �500

% Exact
Agreement Kappa

% Exact
Agreement Kappa

% Exact
Agreement Kappa

% Exact
Agreement Kappa

% Exact
Agreement Kappa

% Exact
Agreement Kappa

Ever mixed or applied
pesticides

95 0.18 95 0.10 94 0.14 97 0.15 96 0.12 97 0.10

Ever mixed or applied
Atrazine 85 0.62 87 0.60 85 0.58 88 0.67 85 0.61 87 0.57
Glyphosate 82 0.54 81 0.56 80 0.55 84 0.50 81 0.57 84 0.50
Trifluralin 87 0.71 87 0.70 87 0.70 88 0.72 87 0.73 88 0.65
2,4-D 85 0.51 88 0.42 85 0.46 89 0.51 87 0.54 87 0.41
Terbufos 83 0.65 83 0.66 82 0.64 84 0.68 82 0.64 83 0.66
Fonofos 85 0.61 84 0.65 84 0.62 85 0.63 84 0.62 85 0.63
Chlorpyrifos 81 0.61 81 0.62 79 0.58 82 0.64 81 0.62 81 0.61
Permethrin 87 0.58 91 0.58 90 0.60 86 0.57 88 0.59 88 0.58
Malathion 82 0.57 81 0.51 79 0.54 84 0.55 81 0.57 81 0.50
Carbaryl 80 0.58 78 0.56 78 0.54 80 0.61 79 0.58 78 0.56
DDT 93 0.42 87 0.55 85 0.62 89 0.65 86 0.64 87 0.63

DDT � dichlorodiphenyltrichloroethane; 2,4-D � 2,4 dichlorophenoxyacetic acid.
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agreement would generate a value of 1.0, values much
lower can represent good agreement. This is because
kappas are highly dependent on prevalence of the char-
acteristic in the population, as well as on the sensitivity
and specificity of the measure.12 Thompson and Walter12

have shown that for factors with a true prevalence of 0.2
to 0.8 and sensitivities and specificities that are quite
high (in the 70–90% range), kappas fall into a range
0.3–0.6. Most values we observed are in this range. The
few exceptions of kappas outside this range are for re-
porting on rare diseases or activities performed by nearly
all applicators. Kappas can be quite low, and level of
exact agreement is high for situations in which the
factor is very prevalent or extremely rare. This was the
situation when we observed low kappas.

The dependence of kappa on response prevalence is
most obvious for questions with dichotomous response
options to which few subjects gave a particular response
(eg, “Did you pour fumigants?” or “Have you been diag-
nosed with Parkinson’s disease?”) or questions to which
almost all subjects gave a particular response (eg, “Have
you ever personally handled pesticides?”). In such situ-
ations the percentage exact agreement will always be
near 100% (ie, almost all subjects give the majority
response on both questionnaires), but kappas may be
quite low (eg, if the few minority responses tend to come
from different subjects for the second questionnaire than
for the first questionnaire).

Few reports are available on the reliability of reported
pesticide use specifically among farmers. Van Der Gul-
den et al13 found 82% agreement and kappas of 0.55 for
reported occupational exposure to pesticides from a re-
liability study in the Netherlands. Farrow et al14 found
kappas of about 0.29 for weed killers and 0.53 for pesti-
cides/insecticides in general for women completing self-
reported questionnaires before and after a miscarriage.
These are somewhat lower than we found for specific
pesticides (range of 0.48–0.70), but this might be ex-
pected because women in the miscarriage study were not
from farms where pesticide use had a very important
economic component, which might facilitate recall.

Several reports have compared reported pesticide use
among farmers and surrogates,4,5,15–18 and these provide a
framework for considering results in this study. Agree-
ment between farmers and pesticide suppliers regarding
farmers’ use of pesticides was about 50–60%.4 Agree-
ment between farmers and surrogates (primarily wives)
on reported use of specific pesticides was about 50–
70%.5,17 A comparison of self-assessed and expert-as-
sessed exposure to pesticides and fertilizers found an
agreement of 91% with a kappa of 0.53 in a case-control
study from Montreal.18 The level of agreement we ob-
served from repeat interviews is generally better than
that from comparisons between subjects and surrogates.

Although the reliability of reported pesticide use
among Iowa farmers is as good as for many other factors
assessed by questionnaires in epidemiologic research and
better than for some variables,9–11,14,19–21 it is important
to assess effects of potential misclassification on esti-
mates of relative risk. If the level of agreement between
the first and second interviews is considered a measure of
nondifferential exposure misclassification, we can calcu-
late effects on relative risks.22 For example, if the true
relative risk was 4.0 and nondifferential misclassification
for ever-/never-handled individual pesticides is as in
Table 1 (from 79% to 88% agreement), the calculated
relative risks would range from 2.0 to 2.6. If the true
relative risk was 2.0, calculated relative risks for individ-
uals pesticides would be from 1.1 to 1.6. Even though the
level of agreement is quite high, the impact of misclas-
sification in this range on the relative risks can be
substantial and diminish the opportunity to detect real
associations. It is important to note that nondifferential
misclassification, ie, misclassification that does not differ
by presence or absence of disease, would only diminish
estimates of relative risk for dichotomous classifications
in a prospective investigation such as the Agricultural
Health Study. It could, however, result in an increase
or decrease in calculated relative risks in multiple
response situations for the middle exposure categories,
but not for the upper exposure category. In the upper
exposure category, nondifferential misclassification
would always diminish the relative risk.23 Although
these data suggest that pesticide use is reliably re-
ported by farmers in this cohort, it is important to
underscore that they do not provide information on
the validity of these reports.

In summary, agreement for self-reported use of pesti-
cides by farmers is similar to that found for other factors
routinely evaluated by questionnaire in epidemiology
studies such as smoking and alcohol reporting, and bet-
ter than others such as consumption of fruits and vege-
tables and physical activity. Because epidemiologic stud-
ies have successfully related disease risk to these factors,
it seems likely that information on pesticide use from
interviews can also be used successfully to address expo-
sure-disease relationships.
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